ZIMMET, P. The Global Epidemiology of Diabetes Mellitus. Tohoku J. exp. Med., 1983, 141, Suppl., [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] Systematic studies of diabetes prevalence and incidence are now indicating the extent and impact of the disease and its complica tions. A major handicap in establishing a true global picture has been the lack of uniformity in defining and classifying diabetes, and an additional limiting factor has been the grouping of differernt types of diabetes in published prevalence data. It appears the prevalence of insulin dependent (Type 1) and non-insulin dependent (Type 2) diabetes varies between and within ethnic groups, e.g rural versus urban dwellers, thus making it difficult to compare data from different countries. However, this fact provides unique opportunities to study the relative importance of genetic and environmental factors in the aetiology of diabetes and its micro-and macrovascular complications.
Probably the most urgent needs have been the standardization of classification and criteria, and of epidemiological methodology. This paper will cover the epidemiology of diabetes in terms of the new WHO classification :
a. Insulin dependent diabetes mellitus=Type 1. b. Non-insulin dependent diabetes mellitus=Type 2. c. Other types, e.g. pancreatic or tropical malnutrition, endocrine, drug induced, etc.
The main forms of diabetes seen in developed countries are Types 1 and 2. They appear to be two distinct clinical entities, but the concept of genetic-environmental interaction in their causation is probably equally applicable. In developing countries, Type 2 diabetes appears to be the most common form, but tropical malnutrition diabetes also occurs in many regions of the globe IDDM ; NIDDM ; epidemiology It The major handicap to date has been the lack of uniformity of consistency in defining and classifying diabetes. A limiting factor has been the grouping of the different types of diabetes in published prevalence data despite the fact that it appears the prevalence of insulin dependent (Type 1), and noninsulin dependent diabetes (Type 2), varies from country to country and, indeed, within some countries1,2?. This fact makes it difficult to compare data from different countries, and different groups within the same country.
Diabetes prevalence rates vary between ethnic groups and within the same ethnic group. This fact, alone, provides unique opportunities to study the relative importance of genetic and environmental factors in the aetiology of diabetes and its micro-and macrovascular complications.
Diabetes epidemiology is not solely confined to screening and case finding. The late Kelly West2? listed four main elements in the epidemiological approach to the study of diabetes :
(1) Studies designed to define diabetes or its manifestations. These include development of standards of classification and methodology.
(2) Descriptive epidemiology-studies on prevalence, incidence and natural history of diabetes.
(3) Analytic epidemiology-the study of realtionships of cetain risk factors and host characteristics to the aetiology of diabetes.
(4) Experimental epidemiology and clinical trials, e.g. evaluation of preven tion and treatment programmes on diabetes and its complications.
CLASSIFICATION AND CRITERIA FOR DIABETES
Probably the most fundamental issue and the most urgent need in diabetes epidemiology has been the standardization of classfication and criteria for the disease, and of epidemiologic methodology. The recent publications of the National Diabetes Data Group3? and WHO Expert Committee4? have provided guidelines to achieve this goal. It has been stated, quite clearly, that these recommendations are an interim measure and that much more information needs to be collected prospectively4?.
In view of this need to rationalize classification, this paper will attempt to discuss the epidemiology of diabetes in terms of the new WHO classification :
(1) Insulin dependent diabetes-Type 1.
(2) Non insulin dependent diabetes-Type 2.
(3) Other types, e.g. pancreatic or tropical malnutrition, endocrine, drug induced, etc.
Type I & 2 diabetes are the main forms of diabetes seen in developed countries. Available information suggests that they are two clinical entities. However, the concept of genetic-environmental interaction in their causation is probably equally applicable. In developing countries, Type 2 diabetes appears to be the most common form seen 6>, but tropical malnutrition diabetes is also seen in many regions of the globe 7).
TERMINOLOGY
The journals contain many reports where basic epidemiological terminology such as prevalence and incidence are misused. It is, therefore, worth restating the precise meaning of these terms.
(1) Prevalence is a term which describes the number of cases of diabetes that exists in a population at a given point of time, i.e. a cross-sectional parameter.
(2) Incidence describes the number of new cases of diabetes that develop in a population over a given period, i.e. a longitudinal parameter.
(3) Crude and age-adjusted prevalence. There is a wide variation between the populations of countries, not the least in age structure. A basic mistake has been to compare crude prevalence rates in populations of different age structure. The relationship of the HLA system and susceptibility to Type 1 diabetes is discussed more extensively elsewhere", 10). The striking relationship between IDDM and HLA B8, B15, B18 and DRW3 and 4 noted in Caucasoid populations (and other HLA loci in some other ethnic groups) suggests that genes in the HLA region of chromosome 6 have a role in conferring susceptibility to Type 1 diabetes. It now seems clear that the HLA B3 associations are secondary to the increases of HLA DR antigens.
Epidemiological studies indicate that the specific Type 1 diabetes/HLA association noted in Caucasoid populations is not necessarily seen in other ethnic groups8-12?. In Japanese, Bw54 and DR4 are the main HLA Type 1 diabetes associations10,11?, and in Chinese, Bw54 and DR3 are the commonest") 12> Type 1 diabetes appears to be rare in certain ethnic groups discussed below. Whether this is due to genetic or environmental influence is not entirely clear.
Prevalence of Type 1 diabetes
The prevalence of Type 1 diabetes is low, so that large population samples are necessary to obtain reliable data. Type 1 diabetes is unknown or rare in certain ethnic groups, including Japanese"), Indians14?, Chinese 14.15? Malays 14?, Filipinos16? American Indians 17?, Eskimos"), Maltese1?, Sri Lankans1?, Polynesians, Micro nesians, and Melanesians5?. (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) The results of Type 1 diabetes prevalence studies in a number of populations are shown in Table 1 . These are by no means all those reported in the literature, but the lack of standardization of methodology and diagnostic criteria makes global comparison difficult.
These studies indicate a prevalence range for Type 1 diabetes of 0.07-3.4/ 1000. However, comparisons should be made with reservation because of the different age groups, and differing methods of case ascertainment.
Thus, the methodology used may explain some of the discrepancies seen between the populations.
The highest rates were seen in the United Kingdom (3.4/1000), and the lowest rates in Japan (0.07/1000), China (0.09/1000), and Cuba (0.14/1000). Even lower rates have been reported in Chinese, Malays, and Indians in Singapore"
Incidence of Type 1 diabetes
Although the incidence studies cited in Table 2 have the same standardiza tion problems as prevalence data, the results from several populations are quite similar.
Reports from France, U.K., Canada, New Zealand, USA, Denmark, and Sweden show rates 7.7-20.0/100,000. Whereas some of these studies did include Type 2 diabetes and case ascertainment may have been incomplete, the Danish study") was the least open to error in terms of methodology, and the incidence of 14.0/100,000 (subjects 0-14 years) is almost in the middle of the global range. The difference in other studies is possibly the result of differences in methodology.
Age of onset
In these studies, the peak age of onset was usually about 11-12 years ( Fig. 1 ). Another smaller peak occurs at around 5-8 years. This indicates at least two types of Type 1 diabetes. On the other hand, the two age-related incidence peaks 
Seasonal variation
There have been a number of reports of seasonal variation in the onset of Type 1 diabetes and the pattern reported in Denmark is a reduction in the incidence during the summer periods19? (Fig. 2) . Reports from the United Kingdom, United States of America, and Australia show the highest frequency of onset in fall and winter, and lowest in summer 20?.
These findings have led to the suggestion of the association of Type 1 diabetes with viral infections-the infection being a precipitating agent in a genetically susceptible individua120?.
The seasonal variation may be due to infections or other factors precipitating diabetes in subjects with pancreatic damage from other causes, e.g. viral or autoimmune destruction. These subjects may not otherwise develop diabetes for weeks, months, or years. Another possibility might be initiation of Type 1 diabetes by seasonal extrinsic factors which cause islet cell damage. Recently Type 2 diabetes was rare in many populations, particularly traditional living, but with progressive modernization of way of life and migration, Type 2 diabetes has become prevalent and, indeed, almost endemic in certain American Indian, migrant Asian Indian, and Pacific island populations6?. Even today, there are traditional living Polynesian populations where Type 2 diabetes is unknown or rare, yet urbanized subjects of the same ethnic group show exceptionally high diabetes prevalence rates5.6?. Thus, the genetic susceptibility to Type 2 diabetes in these populations appears to be unmasked by environmental factors. These environmental factors appear to be different from those which unmask the suscep tibility to Type 1 diabetes and include dietary factors, physical inactivity, obesity and stress6?.
Type 2 diabetes prevalence rates in developed countries are approximately 2 to 3% of the adult population, but much higher rates have been seen in a number of developing countries (Table 3 ). In addition, within the same country, the prevalence of Type 2 diabetes may vary widely between different ethnic groups, e.g. migrant Indians in South Africa, Singapore and Fiji28? have higher rates than the indigenous populations (see Table 3 ).
Given that there is strong evidence for Type 2 diabetes genotype(s) (particu larly in populations such as the Pimas, Indians, Polynesians, Micronesians), there is a major thrust in epidemiology studies to determine the environmental factors that precipitate diabetes in a susceptible individual.
Comprehensive reviews of these factors appear elsewhere 1.2.4,6,17? but strong contenders could be: 1. Age While age, per se is not an environmental factor, the prevalence and incidence of Type 2 diabetes increases with age6?. This increasing prevalence can be considered a true phenomenon having been seen in most population studies1?. In many developing countries, the control of infectious diseases is resulting in a change in population structure with more people living to middle age. This provides a larger "at risk" population for non-communicable diseases such as diabetes.
Dietary factors
It has been suggested that some feature of the composition of diet may contribute to the high prevalence of diabetes, in particular, in certain populations. An obvious candidate is the refined carbohydrate content and information on this is both conflicting and controversial1?. Certainly, there have been major changes in diet world-wide and the possibility that this represents a risk factor for diabetes presents a challenge for the epidemiologist. At this time, there is no evidence to directly implicate dietary lipids, protein or any other nutrient as aetiological factors 1,6).
Sedentary life-style
The interaction of diet, exercise and obesity is a complex one. It is difficult to isolate exercise and study it as a single factor in relation to diabetes prevalence and incidence. There is evidence, however, to suggest that exercise has a protec tive effect against the development of diabetes1,6,28?
The rural/urban studies in Puerto Rico29?, Kiribati (Zimmet et al, in prepara tion), Western Samoa30?, and Fiji Melanesians29? show that diabetes is more common in non-obese urban dwellers than rural dwellers of similar weight. Rural people are usually engaged in occupations having higher levels of physical activity, and it may be this factor that protects them against diabetes. Diffe rences in diabetes prevalence occurred in the male population of Fiji between those who were graded sedentary or light activity, compared with the group graded as moderate or heavy activity. These differences were maintained after age adjustment. 4 . Obesity
There is a widespread recognition that obesity is a risk factor for diabetes and the 1980 WHO Expert Committee on Diabetes concluded that the most powerful risk for Type 2 diabetes was obesity 14). The two most important aspects in assessing the role of obesity are its extent and duration1?.
Prevalence studies do not show a clear relationship between diabetes and obesity6?, perhaps because of the confounding influence of weight loss with the onset of the disease or with therapeutic intervention. These studies include the Hiroshima-Honolulu comparison31?, Pacific and Indian migration30?, Pima and rural-urban Western Samoa31? and Puerto Rico studies"). They indicate that although differences in obesity between two populations can explain some of the difference in diabetes prevalence, obesity is not the only or even the main factor responsible for such differences.
There seems to be a more clear-cut relationship between incidence of NIDDM and obesity6?. In the Pimas, diabetes incidence was strongly related to obesity and presumably the duration of diabetes34?. However, this relationship was interactive with history of parental obesity. Adjusted for age and obesity, incidence was 2.3 times as high in subjects with one diabetic parent, and 3.9 times as high in those with two diabetic parents as in those with two non-diabetic parents.
Socio-economic status
There is certainly considerable anecdotal and epidemiological information (dating from an ancient Indian Sanskrit) to suggest that diabetes is a disease of the riche>. In many developing nations, diabetes has been reported to be more common in the ruling or upper-class families. This increased prevalence could be due to many factors, e.g. more frequent testing, obesity, reduced physical activity, consanguinity2>.
Parity
Earlier-studies suggested that there was a strong positive relationship between parity and diabetes6?. These earlier studies were mainly hospital-based and more recent population-based epidemiological studies have failed to confirm the associa tion. This failure may be due to the fact that parity is just one of a risk factors operating in a given population, and its effect may be blurred unless a multiple logistic analysis of risk factors is carried out. The well demonstrated physiologi cal effects of pregnancy on carbohydrate metaobolism would suggest a dia betogenic role. On the other hand, in many populations the prevalence of diabetes is not increased in women. Tropical malnutrition diabetes Earlier in this paper, the two major forms of diabetes-Type 1 and 2, have been discussed. However, in the tropics, another type of diabetes occurs and it may be seen in two forms-J-type diabetes and pancreatic diabetes". Morrison has recently suggested the term "phasic insulin dependent" for this form of diabetes36? J-type diabetes was originally reported by Hugh-Jones in Jamaicans, and has now been described in Papua New Guinea and several African and Asian count ries. Usually, the onset of the disease is before 35 years of age, the subjects are usually underweight, relatively insulin resistant, and do not develop diabetic ketoacidosis despite prolonged insulin withdrawal.
The pancreatic form of malnutrition diabetes is most commonly encountered in Southern India, and has been seen mainly in Afro-Asian countries7?. McMillan and Geevarghese have suggested that J-type diabetes may be a mild form of malnutrition diabetes, and pancreatic diabetes a severe form". They cite several countries where both types are seen and these include India, Indonesia,, South Africa, Thailand and Uganda.
The geographic distribution of these forms of diabetes provides the epidemio logist with some clues to aetiology. Tropical diabetes appears to be a degenera tive disorder of the pancreas and the possibility of toxic damage arises. An epidemiological association appears to exist between cassava consumption and the geographic occurrence of the disease. Cassava contains cyanide-yielding substances.
It has been suggested that a combination of protein malnutrition along with cyanide ingestion is the cause of pancreatic diabetes.
EPIDEMIOLOGY OF COMPLICATIONS OF DIABETES
Epidemiological studies have also been of value in establishing prevalence, incidence and risk factors for the micro-and macrovascular complications of diabetes. The former are more specific for diabetes and will be discussed here in greater detail than the latter.
Geographic comparison of prevalence of diabetic complications needs to be made between groups with similar duration and degree of control of diabetes. These are only two, but perhaps the most important, of a number of variables that need to be considered.
The frequency and severity of macrovascular disease varies widely between non-diabetic and diabetic subjects in different ethnic and geographic populations'). However, these geographic differences are not so impressive for microvascular complications.
The frequency of diabetic retinopathy in Japan is similar to that found in Europe and North America1?. Macrovascular disease is much commoner in Hawaiian Japanese than Japanese in Hiroshima. On the other hand, the fre quency of diabetic retinopathy stratified by duration of diabetes was similar in the two groups"). This study suggests that beyond the effect of diabetes alone, environmental factors influence the development of macrovascular disease. The two Japanese groups have a similar genetic origin, but different environmental factors are operating. Thus, the fact that the frequency of diabetic retinopathy is similar does provide evidence against environmental factors playing a role in microangiopathy. It suggests that the microvascular complications are related to the factors associated with the diabetes-i.e. duration and degree of control.
Lack of comparability of methodology, classification and criteria, invalidates comparison of inter-population difference in diabetic microangiopathy. The WHO Multinational Study of Vascular Disease in Diabetes was formulated in an attempt to overcome these problems. The purpose of the study was to compare the prevalence of micro-and macro vascular disease between representative samples of diabetic subjects of different ethnic and cultural backgrounds, using and evaluating standardized methods. Analysis of the results relating to microvascular disease does not suggest that there are major differences in frequency or severity of retinopathy once the duration of diabetes is taken into account. Thus, the weight of the evidence argues against ethnic differences having a primary role in differing prevalence of microvascular disease between populations.
Another important aspect of epidemiologic studies has been the definition of the level of glycaemia at which the risk of retinopathy begins. Studies in the Pima Indians17?, Nauruans5?, and in the United Kingdom show that the risk of retinopathy is very low in subjects with 2 hr plasma glucose less than 200 mg/100ml and increases considerably at levels higher than this.
CONCLUSIONS
Epidemiological studies in developed countries have contributed greatly to our understanding of diabetes, yet it is to the developing countries we turn for a greater insight into diabetes. These countries now provide a number of unique situations where diabetes can be studied. Some of the specific features which can be studied include :
• Modernization of lifestyle of a population in situ • Rural to urban shifts of population providing the opportunity to study populations in a traditional-living and later urban setting • Situations where several ethnic groups live in the same physical environ ment, thus providing the opportunity to study the role genetic susceptibi lity to diabetes might play. Thus, the epidemiologist is provided with unique opportunities to study factors that may lead to the development of diabetes and its complications. It is important to emphasise that in many instances these environmental changes have been telescoped into relatively short-time frameworks, i.e. 10 to 20 years. In contrast, the opportunity to evaluate these factors in Western society has been limited as the social and environmental changes have taken place over much longer time-periods, perhaps allowing more time to adjust to them.
At present our understanding of the risk factors is becoming increasingly clear, although there are probably other, as yet undefined, factors which have not been covered in this paper. As our knowledge of environmental risk factors becomes more complete, there is hope that prevention and control programmes can be formulated and implemented in a similar manner to those for cardiovascular disease. Such intervention programmes may provide our first line of defence against the devastating morbidity and mortality caused by diabetes worldwide.
